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Learning Objectives

By the end of this training, participants will understand:
 The mechanism behind why we can detect marine surface oil slicks
« How SAR images can aid clean-up procedures

« How we can derive slick characteristics using single-, dual-, and quad-polarimetric
Images

« How satellite images can fit into the larger-scale picture when it comes to oil spill
detection and drift patterns
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Two Main Applications for SAR Remote Sensing of Oil Spills

* 1) Tool during oil spill clean-up operations ... e
 2) Ocean Surveillance -> QOil Spill
Detection
— Accidental oil spills
— lllegal discharges
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In 2021, 3,004 potential oil spills were reported

by EMSA (European Maritime Safety
Agency).

| |  CleanseaNet
In 2021, Kongsberg Satellite Services (KSAT) oll SAR coverage and detections 16 Apr. 2007 — 31 Jan. 2011
spill detection services made 11,000 SAR- European Maritime Safety Agency, 2011

based detections of potential marine oil spills
across the world.
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Oil Spill Occurance

Marine oill slicks originate from:
— Pipelines

— Wells

— Transport Vehicles

— Storage Tanks

— Natural Seeps

They often occur in coastal waters -> important for responders to act quickly.
They can also be transported by winds and currents away from the point of origin.

It's therefore important to not only detect, but also monitor the drift and
spreading.
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% 4“‘&?% B Platform A Oil Spill Platform A Oil Spill

Oil Spill Detection

« QOil can be detected in different types of satellite data, each with different

advantages.

— A common goal is often to identify thicker oil and estimate the total oil volume.

-
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Oil Thickness Class |

B 0.05-0075mm |
|0 0,005 - 0.025 mm

Leifer et al, 2012
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Oil Spill Detection
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« Qil spills can occur day
and night.

«  For operational 8% ol g
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d dg ight and LR AR 'J-"izv. Fr Al e n,“ 2N AT
N ee O Gy_nlg G n RADARSAT-2 Do’ro and Products © MDA Ltd. 2020 All Rights Reserved
daylight-independent
source.
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Oil Spill Detection - Synthetic Aperture Radar (SAR)

Monitoring of Detection of Accidental
Known Oil Spills and Intentional Spills

SAR is a valuable tool for the
detection and monitoring of marine
oil spills.

Provides Info On:
Position and weathering

Proximity fo Land, Vulnerable
Areaqs, etc.

Areadl extent
Possible Source

_________________________________

Wind o {4 i
Figure from: Migliaccio and Nunziata, 2014

CleanSeaNet satellite image of a possible oil discharge off the
coast of Cyprus

Satellite image © ESA (European Space Agency) / EMSA 2007
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Oil Spill Detection - Synthetic Aperture Radar (SAR)

No two slicks look the same.

My of T T
SRS

»,.

RADARSAT-2 Data and Products MDA Ltd 2017,2018,2019- All Rights Reserved Copernicus Senfinel data 2017,2018, processed by KSAT
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Oil Spill Detection - Synthetic Aperture Radar (SAR)

« The volume of oil is not consistent

The slick itself changes over time.

« Currents
« Wind

Strength and Direction

Drift
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Oil Spill Detection - Synthetic Aperture Radar (SAR)

Oil properties change over time due to weathering processes.

Weathering depends on:

. . . . Spriaﬂng Oxidation
« QOill properties (wscosﬁy, Evaporation Spreading
Emulsification t l =

density, solubillity, efc.)

« AIr and sea temperature
« Wind speed, sea state,
currents, etc.

Skrunes 2014
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Oil Spill Detection - Synthetic Aperture Radar (SAR)

Monitoring of Detection of Accidental
Known QOil Spills and Intentional Spills
L, —— . P Challenges:
« Thickness estimates —

— Thin oil evaporates fast
— Thicker oil — higher viscosity —
lives longer on the surface

- Short term forecasting of slick
transport

« Volumes
+ Release rates
- Qil type and properties

_________________________________
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Fig:l,: :rro(-n: |iaccio and Nunziata, 201 CleanSeaNet satellite image of a possible oil discharge off the * O I | -I-y p e C h O rO C -I-e rl S -I- I C S

coast of Cyprus
Satellite image © ESA (European Space Agency) / EMSA 2007
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Oil Slick Detection with SAR - How does it work?

» Qil slicks appear as dark areas in the
radar images compared fo the
surrounding open water.

« Qil slicks dompen the surface roughness
and are hence detected as areas of
reduced backscatter.

— A smooth surface means that less
signal returns to the satellite.

* SAR sees surface roughness (frequency
dependent).

« A range of different SAR frequencies can
be used for the detection. Oil Film

© C. Jones
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Oil Slick Detection with SAR

- Different polarizations can also be
used, though VV is the most common
for operational services due to having B,
the highest return power.

[ !kmh-wi’»'“w“‘““- . o
: oy, oy Vo

Oil Film

© C. Jones
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Oil Backscatter in SAR

Microwave
Generated by Wind \

Capillary and Short-Gravity Waves
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Oil Backscatter in SAR

.

Response

\ Microwave
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Oil Backscatter in SAR

’ Response W

\ Microwave

"Bragg Scattering"
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Oil Backscatter in SAR

Response

o™
\ Microwave
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Oil Backscatter in SAR
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\ Microwave
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Oil Backscatter in SAR
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Oil Backscatter in SAR

Response
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Oil Slick Detection with SAR

Dielectric Constant of Thick Slick

Oil Emulsion Forms New Dielectric Layer For thick olil films,

a reduction in
Complex Permittivity | | gea water ¢, = 80-i70 Crude oil €4 =2.3-i0.02 dielectric

- ! Wi 0 ) i
E=E —IE High conductivity surface Low conductivity surface constant can

also decrease
the backscatter.

Ocean Surface (no oil) -Frequency, temperature

_ ; dependent
€y =80-i70 P

o Surf Sh -Reduced roughness
thin Sheen /\/\/ ~ /\/\/ -Sheen too thin to
+Thin Sheen

€sw+sheen ~~ 80170 SEITIE

Emulsion = Emulsion -New dielectric layer
Mixture of Oil /\/\m/\/\ with € mixture

+ Sea water Emicture = Esw *+ €o —Alters scattering

h NASA's Applied Remote Sensing Training Program © C. Jones 21 .



Oil Slick Detection with SAR

Different thicknesses exists within the same oll spill.
Efficient oil recovery -> Where is the thick oile

« The Bonn Code Agreement

 The Bonn code appears only in
fresh oill.

« When the oil has been weathering,
It can turn info emuilsion.

Rainbow

N

Sheen
\ /Vletallic

\

Appearance Thickness (um)
Sheen (silvery/grey) 0.04 - 0.30

Photo: Kustbevakningen Rainbow 0.30-5.0
Metallic 5.0 - 50

True color

© Skrunes

Discontinuous true color 50 - 200
Continuous true color > 200

- Areas with metdallic - true color or emulsion -> very important to detect
In an early phase.
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Oil Slick Detection with SAR

- Different thicknesses exists within the same ol spill.
- Efficient oil recovery -> Where is the thick oil?

e ool
. The Bonn « RUle of thumb: . . =
. The Bonn ¢ More than 90% of the oil volume is
fresh oil. contained in less than 10% of the oil
d Wheﬂ The Spi" qrea. True color T
IT can turn unu ciusiun. _ i T ———
Sheen (silvery/grey) 0.04 - 0.30

Continuous true color > 200

- Areas with metdallic - true color or emulsion -> very important to detect
In an early phase.
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QOil Slicks Detection with SAR

« Sensor Limitations:
— Noise
— Incidence Angle
— Spatial Coverage
— Resolution
— Temporal Coverage

Known limitations with SAR oil spill detection:

Look-Alikes:

« Natural slicks, newly formed sea ice, low-wind regions, internal waves, upwelling,
algae blooms

NASA's Applied Remote Serising Training Program 24 .




SAR Look-Alikes

Newly-Formed Sea Ice Oil Spills Algal Blooms

© Malin Johansson

el ol
RADARSAT-2 Data and Products © MDA LT
All Rights Reserved {

Algal Bloom

’
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SAR Look-Alikes

« Here a naturally occuring oil seepage and biogenic slicks as well as low wind
areqs are seen in the same 25 x 25 km areaq.
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Many factors affect SAR imaging

» Surface parameters » Sensor parameters
\'
*  Roughness * Polarization
H
* Dielectric properties
4 A
NN
* Frequency »AAA AN
N
* Wind conditions S - a—
* Oil slick properties * Incidence
angle 6

* Resolution,
Sensor noise,
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Many factors affect SAR imaging

» Surface parameters » Sensor parameters
. ROUghI’]ESS ° Polarization Sing|e-pO|GrIZQﬂOﬂ SAR
' has been used since the

* Dielectric properties 1980s

DDA

A NI

- Frequer 5 ) in AnAA

N //.-:1.-' ——
* Wind conditions ") \//\
* Oil slick properties * Incidence

angle 6

* Resolution,
Sensor noise,

NASA's Applied Remote Sensing Training Program



Single-Polarization SAR Data

« Already with single-pol data we can do a lot of things.

« Steps normally followed: R ——
. e S RTINS 4)\
— Dark area detection -*,a,f?‘”;«j;;,‘.g S

— Feature extraction
— Qil vs. look-alike classification

RADARSAT 2 Do’ro and Produc’rs © MDA L’rd 2020 AII R|gh’rs Reserved

« Highest return power is given by the vertical polarization returns
— Preferred channel for oil spill detection
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Dielectric properties of oil are
related to the volumetric fraction
of the oll.

Thicker oil dampens the surface
waves more strongly.

— A map showing areas with
relatively thicker oll

NASA's Applied Remote Sensing Training Program

Single-Polarization SAR Data /// //4

A

E;‘heen A E;.SW

eqixture = f(eSW, ¢?)

Figure 1.7 The impact of sheen and thicker mineral oil slicks on the relative
dielectric constant. (Top) Clean sea water, (Middle) sheen slick, and

(Bottom) thicker oil slick.

Brekke and Jones, 2020



Single-Polarization SAR Data

Damping Ratio (Contrast in Backscatter dB) = VV ...,/ VV ~

Particularily useful when we have a fime series
ldenftify where we have the thickest oll within the slick

wind direction

B Mineral oil

EEm Mineral oil, thick| K™

L

06:18

v § .

10:58 11:57

06:24  06:32 10:51 11:04 11:10 11:17 11:24 11:30 11:38 11:44 11:50

06:10
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Single-Polarization SAR Data

- Damping Ratio (Contrast in Backscatter dB) = VV ..,/ VV

« Use the damping ratio to aid responders for clean up operations

Brekke et al, 2021

wind direction

%

11:04 11:10 11:17 11:24 11:30 11:38 11:44 11:50 11:57 12:04 . 12:17

B Mineral oil 1k
B Mineral oil, thick = —1

L

06:10 06:18 06:24  06:32 10:51

Most oil is concentrated at the front and middle part of the
field. This is related to the drift direction.
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SAR - Wind Conditions

Detection limited to approx. 2-3 m/s to
10-14 m/s

— Too low wind —> not possible to
separate from the surroundings

— Too high and the oil gets mixed down
into the water column -> reducing
the marine surface slick

It also affects parameters such as the
damping ratio, i.e. how much the
backscatter has been reduced

NASA's Applied Remote Sensing Training Program

Damping [dB]

12

10
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8 10
Wind speed [m/s]

Espedahl, et al, 1998
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Mexico Gulf Mississippi Canyon 20 (MC20)

https://coastalscience.noaa.gov

/news/mc20report/

Oil has been leaking here since
hurricane Ivan in 2004.

One way to monitor the
continued release is through SAR
Images, both airborne and
satellite.

NASA's Applied Remote Sensing Training Program

88°40'W

29°20'N

29°0'N

89°0'W 88°40'W
Satellite image showing oil slicks from MC20 after Ivan (Image courtesy Shaojie Sun)



https://coastalscience.noaa.gov/news/mc20report/

Relative Thickness Estimation

 Gulf of Mexico, Nov. 2016 — Can track the oil spill over fime
« Mathematically quick

* Incidence angle dependency reduced < We will come back to this!
* The threshold for oil vs. water depends on the wind state

1-3 4-6 7-9

The damping ratio is image-
dependent and not
comparable across sets of
images

I [ [ 0 1 2 4
v kb B A LS S S NN I T
AN

o VN W E &

o o d 1 o Jones and Holt, 2018
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° ° Sheen \ étallic Appearance Thickness (pm)
Comparing to Optical Imagery Rainbow /V' Shoen (svery/grer) 004 030
N Rainbow 0.30 - 5.0
Metallic 5.0 - 50
Discontinuous true color 50 - 200

Continuous true color > 200

True color Photo: S. Skrunes

Relative Thickness

I Clean : e : = - “ ., .
Class 1 (0-50%) R i ) g% )

B Ciass 2 (50-80%) . i A2

S Class 3 (80-80%) oo o et o s -~

Bl Class 4 (90-95%) — .

i 2=t S e DS G
B Class 5 (95-98%) 0 0125025 05 075 oo

Class 6 (98-100%) DRONE IMAGE INSET ON SAR CLASSES

ML LI Kilometers
0 125 25 5 7.5 10
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Noise

« We can get relative thickness estimates from one channel, but...

« Qilis alow backscatter target and we need to be careful with noise
contamination.

Copolarization (HH, VV)

=10~

Plant oil, VV Plant oil -> simulated look-alike
* Emulsion, VV T - -
* Crude oil, VV T + 4

*Water, VV
i Plant oil, HH
{ Emulsion, HH ¢ P K
' | Crude oil, HH 1 T | o '
O Water, HH . | Crude oil
---Noise floor 3 !

L
&

R
o
%
%
%

i Emulsion
o

|
N
[$)]

)
2,
—
iy
(=)}
3
o
c
4]
£
=2
w

|
@
=

34.5 35 35.5 36
Incidence angle [deg]
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Noise

* Noise analyses show a high noise contamination in cross-polarization channels.
* If poor SNR -> can’t separate thicker areas.
* Image from Annual Oil on Water Exercise in Norway 2011.

-5 Cross-polarization (VH)
Plant oil -> simulated look-alike 1o =28/ | Plant oil, VH
- O Emulsion, VH N
=30/ | o Crude oil, VH| —+ T T _— T
. _3ol 0 Wallter, VH + T
Q ---Noise floor
Emulsion i N
S | e b
b= J e Rt e T Y -
2 -36 m m m &
Crude oil o o O
©-38"
w
-40+
—42) ) - 1=

_4.344.6 34.8 35 352 354 356 358 36
Incidence angle [deg]
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Noise

« Different sensors have different noise floors, or NESZ.

TerraSAR-X 0 T Radarsat-2
— — NESZ -
i (il J 0 e -0 F.‘|H|-‘I R :JI T 2 .. ‘;‘*.'
| ) st - PW | £ L s *
t]h.) 500 : E40,HH 5 oF —— N = :
: g | L [ : B
= ‘ = T % T EGd,HH > SF—— —— — PI"u"'uf
E 1000 w —3— B0V (] E ¥ *i PI"I.I’H
2 e 3 3 x ¥ —o—E80,HH = . =10 & E40,HH
s T W —¥—EBO,VV = T | — == —— E40,WV
E 15 o =15 1 csi HH | 4 'E -10 [ I —EI—E-IlU.‘Ii’H
g 2 T T cs, v = E ——E60,HH
N 2000 el T T N ® 20l —_ —x —#—[E80, WV
< -20 @ < -12 > —5—E60,VH
=20 1000 [ —&—EBO,HH
=T S
o o E v b Eepea LT i T T ¥ EBOWV
1600 1400 1200 1 250 200 150 100 50 b 1 1 —&—EB0,VH
Range pixel number sl -+ % -] Range pixel number E -E - T CSHH
____________________ o Q@ o CsVY
s | ik 1 CSVH
-m 1 1 1 1 1 1 1 -40 L
2R58 286 2882 2884 28488 2848 287 AT
Incidence angle [deg] - - i

5 . . . . S . .
2403 2404 2405 2808 207 2408 2408 241 24,11
Incidence angle [deg]
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Noise

« Different sensors have different noise floors, or NESZ.
« And e.g., NASA's UAVSAR has a very good noise floor.

n T T T T T T T
TerraSAR-X —— =7 UAVSAR
T —_ P.HH e 5 ' ' ' '
4 s ! ] 0 L - Pv"li - 1 o, ’ “tEr T
=5 i 00 2 —_—
5 sl —o-Edonu i o | el
500 — ) |
o B m — N —'*—E"“} "|.I"|||' Ne) AN -14 20 F P."'llll'hi .
% - S Shewl 5 04
-0} FAT =
= 1o 10 2 2‘§ v ¥ —&—EB0,HH = o | +E$ﬂ$‘ ]
X ) W —¥—EBOVV 2 MOSEkma | N g @ —&-E40,VH
2’1500 Z .15 CS, HH a o a —&—E80,HH
= 15 @ 1T — CS, VW £ o I -20 ™ =30} —¥—EB0,VV |
£ = T T > = 9 g
5 2000 2 E ) B 2 ——E80,HH
20 =20 2 /s w35 ——EBO.VV |1
E , ; 24 @ —&—EBO,VH
O, e | dkm g CS.HH
1600 1400 1200 T - 1000 R I o 40 CSWV |1
Range pixel number ] :J— m e e s s s === Raﬁ‘sg"’r‘;‘i’;"é"l""r‘l’a";‘n’ger CE.VH
—45 |
-m 1 1 1 1 1 1 1l T T - -7""7"="7"="-""7"="-"/"7="/"7"7="—-"/7""="-7=-""7—_—_—
PE.5E 285 2B82 2884 2888 2868 287 i i 50 . 1 1
Incidence angle [deg] 48 48.5 475 48 485

47
Incidence angle [deg]
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Many factors affect SAR imaging

» Surface parameters .

* Roughness

* Dielectric properties

* Wind conditions

* Oil slick properties

NASA's Applied Remote Sensing Training Program

Sensor parameters

* Polarization
H
4 SNEAN
NN
* Frequency mpAAAA
! R~ —
* Incidence
angle 6
* Resolution,

Sensor noise,




Oil Spill Detection - Frequency

 Many different satellites and airborne platforms are used for operational oil spill
detection

TerraSAR-X Radarsat-2 NASA-UAVSAR
(X-band) (C-band) (L-band)

Azimuth pixel number
Azimuth pixel number
Azimuth pixel number

800 600 800
Range pixel number Range pixel number

NASA's Applied Remote Sensing Training Program Skrunes et al. (2016) 42




L-BAND (06:19 UTC)

Oil Spill Detection - Frequency

X-BAND (06:33 UTC) L-BAND (06:33 UTC)

« Slightly different appearances.

- X-band is renowned for good
detection due to improved
contrast between oil and open
water.

X-BAND (11:05 UTC) S-BAND (11:05 UTC) L-BAND (11:05 UTC)

L-BAND (11:31 UTC)

A os:56UTC f 08:31UTC K 13:04UTC

LN-KYV

f 15:44UTC

18:21UTC

-20 -15 -10 -5

Brekke et al, 2021 0, wW (d B) The F-SAR Data and Products © DLR 2019 — All Rights Reserved

Aerostat



L-BAND (06:19 UTC)

Oil Spill Detection - Frequency

. ngh SignOI— to-noise data zz X-BAND (06:33 UTC) SBAND (BBUTO) L-BAND (06:33 UTC)
« Can also observe the drift pattern as %

We” as q Ch(]nge in Thickness :: X-BAND (11:05 UTC) S-BAND (11:05 UTC) L-BAND (11:05 UTC)
* The drift pattern here is goverened by =&

The W|nd g e L-BAND (11:31 UTC)

e Thicker downwind

B Mineral oil wind direction Brekke et al, 2021
EEm Mineral oil, thick| LK™
¢ ¢ . § - / J / A

NASA's Applied Remote Sens 06:10 06:18 06:24 06:32 10:51 10:58/ 11:04

11:10 11:17 11:24 11:30 11:38 11:44 11:50 11:57 12:04 12:11 12:17




Many factors affect SAR imaging

» Surface parameters .

* Roughness

* Dielectric properties

* Wind conditions

* Oil slick properties

NASA's Applied Remote Sensing Training Program

Sensor parameters

* Polarization
H
4 SNEAN
NN
* Frequency mpAAAA
! R~ —
* Incidence
angle 6
* Resolution,

Sensor noise,




Incidence Angle

« Radar backscatteris reduced with e
increased incidence angle.

Smooth

« Qilslicks are low backscatter targets. &R

— Signal-to-noise ratio is reduced. . Medaratai

\Rough
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o
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—
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5
o

-50
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Incidence Angle

Parameters change with incidence angle.
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% 'ﬁf‘ﬁ PR O J
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Many factors affect SAR imaging

» Surface parameters .

* Roughness

* Dielectric properties

* Wind conditions

* Oil slick properties

NASA's Applied Remote Sensing Training Program

Sensor parameters

* Polarization
H
4 SNEAN
NN
* Frequency mpAAAA
! R~ —
* Incidence
angle 6
* Resolution,

Sensor noise,




Single-Polarization SAR Data

* Higher damping ratio -> indicaftive of
thicker oll

* |f poor SNR -> can’t separate thicker areas

* In order to identity smaller slicks -> need
high resolution

* UAVSAR offers high resolution —7 m
resolution after multi-looking

* Large incidence angle range, 22° - 67/°

Jones and Holt, 2018

e Swathis 22 km wide

NASA's Applied Remote Sensing Training Program 49




Single-Polarization SAR Data

 Operational oil classification is based on SAR +
ancillary information.

e Geometry and Shape
 E.g., areq, perimeter, width, complexity

Natural slicks
 Backscatter Characteristics of Dark Spot and
Surroundings

* Mean, std, gradients, contrasts S

COSMO-SkyMed Product © ASI—Agenzia Spaziale Italiana (2010). All Rights Reserved.
Figure from Topouzelis et al. (2015).

 Contextual Information
* Proximity to shore, ships, platforms, pipelines,
Wind conditions

NASA's Applied Remote Sensing Training Program



Single-Polarization SAR Data

1-3 4-6 7-9

Oil gets transported
horizontally and
vertically

Weathering

Time series possible
using airplanes ->
can study drift
patterns

0 S 10 20 N High : 22 dB

" A
A Low : -109 dB

Jones and Holt, 2018
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Drift Behavior

« Once the oil has been detected in open water -> where will it go?
— Modeling of oil behavior, transport, & fate iSphere
— Use time series to follow the drift R\
— Annual Oil on Water Exercise in Norway in 2015 —= NORSE2015

* We can get the drift using drift buoys
— 2 iSpheres (subject to direct wind drift)
— 2 Self Locating Datum Marker Buoys (subm

Released with plant oil &
80/20 emuision
5 & 5:30 AM, 10 Jun 2015

iSphere
13 Jun 12:00

SLDMB =
13 June 12:00 Google eart Photo: @yvind Breivik

© Brekke



Drift Behavior

 Research on detecting different oil types and being able to distinguish the oils is very
important.

* Dirifters were released at a plant oil slick and an emulsion (E80) to provide position and sea
surface tfemperature at 10 min intervals.

* The slicks were monitored with UAVSAR for 8 hours after release. iSphere

e 22 quad-polarimetric SAR scenes at L-band.

Parameter Value

L-Band 1217.5 to 1297.5 MHz

Frequency (23.8 cm wavelength)
Resolution 1.7 m Slant Range, 1.0 m Azimuth
Operational Altitude 12.5 km

Swatch Width 22 km

Polarization Quad-Polarization (HH, HV, VH, VV)

Photo: @yvind Breivik
Noise Floor -47 dB average
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Drift Behavior

Time series of UAVSAR used to get position and size of evolving slicks

The plant oil
and E40 were
difficult to
detect after 4h.
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Drift Behavior

There are oil drift models - Met Norway's OpenQil Drift Model
 Here tuned to fit UAVSAR measurements

* OQilrepresented by particles (seeded within contours from UAVSAR)
* Use drift measured by the drifters

Horizontal Movement:
*  Ambient Current (Two Runs: SLDMB Drifters or Model)
* Wave-Induced Stokes Dirift

 Windage (~2% of Surface Wind) For more information please see
Jones et al, 2016: JGR-Oceans

Vertical Movement:

* Entrainment of oil surface elements by breaking waves
* Rise of submerged particles due to buoyancy
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Drift Behavior

Jones et al, 2016

}N\ 0 05 1 2Kilometers }N\ 0 05 1 2Kilometers
* Relafive position, extent, D
and spread in the 8 h 5:48 AM & 80:20 60:40
. 6:01 AM 3 .
following release e N O:W o:W
. . . . f 6:28 AM
Oil spill thickness of 0.5 -8 p o1 Al
6:54 AM
- Area [km?2] Area [km*2]
E 7:07 AM e 0.01-0.21 're§.12r?0.26
g . * 0.21-040 * 0.26-0.49 A
Z T7:20AM o 0.40-0.59 / o ©049-066 N/ '
7:33AM o o.59-o.79\«2 : © 0.66-0.84 & A
—_— ® 079-098 ® 084-1.07 T
HIIAM )N\ 0o 05 1 2Kilometers }N\ 1 e e el
8:13 AM
8:27 AM 40:60
8:40 AM o:w
8:55 AM
11:48 AM
12:02 PM
o
£ 12:17 PM
I
S 1231PM P
L rea [Km
13:05 PM * 0.16-0.26 A:e?)[;:‘./\f)]%
. * 0.26-0.35 . 0.25-0.
13:20PM ° 035-045 . 3'§§ _%2382
@ 0.45-0.55 ° 0.32-0.36
© 0.55-0.64 ® 036-039
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Drift Behavior

* Particles located close to (far below) the surface drift faster eastward (westward).

 The bulk of plant oil below the surface was shielded from strong eastward Stokes
drift and surface wind.

* Trajectory mainly steered by currents and in agreement with UAVSAR observations.
PLANT OIL 80% OIL EMULSION

Jones et al, 2016
57
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Drift Behavior

Simulation Start Time: 05:48

- Difference in
depth profiles
found,
indicating a
potential for

80% OIL EMULSION

0
=
B e

PLANT OIL

Rapidly entrains

-: Most oil stays below surface
Reservoir of resurfacing oil
Less wind-driven transport

_; Slowly entrains
Most oil stays at surface
Stronger wind-driven transport

. ro

S“Ck £ g

discrimination 5

based on
— 06:00 - 23 % at surface || - — 06:00 - 71 % at surface |-

’rronspor’r — 08:30 - 7 % at surface i 08:30 - 48 % at surface
— 11:00 - 5 % at surface ~sof 11:00 - 47 % at surface |

— 13:20 - 5 % at surface 13:20 - 48 % at surface

200

Jones et al, 2016
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Drift Behavior

Why have test experimentse

— Controlled so conditions and quantities are known

— Transfer the knowledge to unknown areas

* Natural seeps of gas and mineral oil across the Barents Sea Shelf
 Repeated satellite observations - > extensive thin ocean surface oil slicks

* Detection limitations for thin slicks in satellite images are unknown and the slick drift
patterns are not clear.

';ﬁ

RADARSAT-2 Data and Products © MDA L’rd _ :
2021 Al nghfs Reserved e

Photo: Marie Stetzler




Drift Behavior

Backscatter Damping Ratio Drift Modeling

RADARSAT-2 Data and Products © MDA Ltd. 2021 All Rights Reserved

* Qil seepage drift estimate for one seepage
 The damping ratio shapefile is seen as the solid dark red area
* Different model inputs are used to estimate the drift pattern
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Why is a test experiment valuable for oil research?

- Data types not used operationally = lack of data
— Known time and location are essential for acquisition planning

Figure: SYKE/Finnish Border Guard/NOFO

« Access to Ground Truth
— Ol type and properties
— Environmental conditions

- Remote Sensing
— Spaceborne
— Aircraft

We can determine the SAR characteristics when we know what happens on the ground.
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Oil Characteristics

Oil-on-water exercises in the North Sea are unique opportunities for data collection

* Research on detecting different oll
types and being able to distinguish
them is very important. This image and
detections were taken on the annual
Oil on Water Exercise in Norway in
2011.

Plant oil -> simulated look-alike

Emulsion

* These images are often fully- Crude oil
polarimetric images or dual-
polarimetric (HH+VV) images.

* Using polarimetric data, we can derive
more information.

— Use it to separate different oil types
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Oil Characteristics

* The use of polarimetry for dark spot characterization

jé i
Scattering matrix: S = [SHH SVH] — [ISHH|6 #H|Syle "H]

Covariance matrix:

(ISunl®)  V2(SunSyy) (SuaSyv)
C= |vV2(SvuSta) 2{Svul®) V2(SvaSyy)

(SvvSiu)  V2(SvvSyn) (ISvv]?

Decompositions,

Coherency matrix: polarimetric features

1 (ISem + Svv|?) ((Suu + Svv)(Sar — Svv)*) 2((Sur + Svv)Sy i)
T = - |{(San — Svv)(San + Svv)") (|1Sum — Svv|*) 2((Sum — Svv)Sv )
2(Svu(Suu + Svv)*) 2(Svu(Sua — Svv)*) 4(|Svul*)

VV intensity Entropy

Interpreted as a change in
scattering mechansim between
clean sea and oil. /
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Oil Characteristics

Co-Polarization Power Ratio:

_ (Sl
(I1Svv|?)

Yco

 Tilted Bragg model:
e Roughness is polarization
iIndependent and cancels out

« -> Co-polarization power ratio only
depends on incidence angle,
dielectric constant and filt angles
-> May be useful for estimating

emulsion water content (Minchew

et al. 2012)

NASA's Applied Remote Sensing Training Program
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Oil Characteristics
Different multipolarization features have been proposed for oil spill characterization.

Entropy Alpha Angle Anisotrophy Geometric Intensity
H= =Y ombsan o, = o™ (Jex (1)) A= i = (det(T)) "/

Skrunes et al, 2014

Co-Polarization Power Ratio Correlation Mg%ni’ru & Std. of Copolarized Phase
_ (|Sunf?) pco = <SH};SW -
YO sy V1Sl (Swvl?) 76co = 1 (@ — dwv ) — (g — 6w




Oil Characteristics

* Histograms show promising separation between classes

Real part of copolarization cross product Geometric intensity

rco = |R ((SuuSvvy))| K= (det(T))l/d

30 v v 25 Ll L L) Ll Ll Ll
25}F === Plant oil - ﬂ
= Ernulsion 20F
= Crude oil
20 w— \N ater

Probability
o
"
Probability
=)

10F
5} |
\ / .
\
0 - - — 0 1 1 1 " -
04 05 06 07 08 0 0.05 01 015 02 025 03 035 04
Normalized feature value Normalized feature value
(b)
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Oil Characteristics

« Multipolarization features showed better contrasts and region discriminatfion in RS2
than TSX

Radarsat-2 17:27 (C-band) 35° TerraSAR-X 17:11 (X-band) 21°
25 : 3
Plant oil 8 1
= Emulsion = 09l Plant oil
=—Crude oil : | |==Emulsion
2r Natural phenomenon = 0.8} |==Crude oil
=—Water o Natural phenomenon
g 0.7] |=—=Water
215 g 206/
2 :
g g 0.5
a 1f a 0.4f 1
0.3f 1
0.5} 0.2 ]
0.1} ]
Wind .
direction 0 = . = _é -6 _;4 _é 0
e - - Feature;/4alue 2 ° Feature value
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Oil Characteristics

* Multi-polarimetric features can be related to surface properties and scattering behavior.
* Proximity to the noise floor can affect polarimetric features and interpretation of the
results.

—Water 1
—0il 1
0.5 —oii2
—Qil 3
0.4+
>
a
203
[ e
L

030 40 50 60
Incidencg angle (deg)

Increase in entropy at high
incidence angle as the signal
approaches the noise floor.

Water 1

NASA's Applied Remote Sensing Training Program Minchew et al. (2012)




Take-Home Message

 Oildampens capillary waves -> low backscatter areas in SAR images.

* Sensor specifics, such as incidence angle and SNR, affect deftection and monitoring
capabilifies.

* Single and dual polarimetric SAR can be used to detect and monitor oil slicks.
— Derive the damping ratio
— ldentify areas of different oil thickness
— ldentify areas of oil slicks to initiate oil drift modelling

— Time series of oil slicks from satellites or airborne campaigns are important for recovery
procedures

* Quad-polarimetric images can be used to derive oil slick characteristics.
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Detect Your Own Qil Spill

* Identify the oil slick within this image: e @ Specify Product Subset
e S] A_|W_GRD|—|_] SD\/_QO] 81009T1/1427 Band Subset  Tie-Point Grid Subset = Metadata Subset
_20181009T171452_024062_02A131_E88
7SAFE Geo Coordinates
* Open the file in SNAP e 0
* Subset to aregion that doesn’t also Scene start Y: 0°s
contain the land areas (speeds up the Scene end X: 13825
processing time): Scene end Y: 10500 3
— E.g. Raster —> Subset ->
Scene step X: 1 2
Scene step Y: 1 C
Subset scene width: 13826.0
Subset scene height: 10501.0
Source scene width: 25974
Sniirre crene heinht- 1R7072
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Detect Your Own Qil Spill

« Clicking on Bands -> Intensity_VV * You can now perform some speckle
Gan S filtering.

« Radar -> Speckle filtering

[ ] @ Single Product Speckle Filter
File Help

1/O Parameters

Amplitude_VV

Intensity_VV
Source Bands:
Filter: Lee Sigma
Number of Looks: 1
Window Size: 7X7
Sigma: 0.9
Target Window Size: 33

Close
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Detect Your Own Qil Spill

« Convert the Intensity values to dB .  Make lines for shift in
’ pm s backscatter intensity

Profile Plot &3
Profile Plot for Sigma0_VV_db ]| vd | ues
0.0
a
B 25 Use ROI mask:
Z ?g Sigma0_WV_oil_spill_bit_msk_detection ==

()F

-10.0 Box size: 3

-15.0 v Compute in-between points

-20.0 Use correlative data
Point data source:

N
N
n

« Analysis -> Profile plot

ma0_VV_db in intens
in

Sig
]
i

Data field:

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750
Path in pixels

— Sigma0_W_db

F&a

« Make aline using

Navigation - [2] Si... ) | Colour Manipulation ... | Uncertainty Visualisat... World View
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Detect Your Own Qil Spill

| NN | 0il Spill Detection

* Let’s now run the automatic oil spill
detection in SNAP.

Read Land-Sea-Mask Calibration Qil-Spill-Clustering = Write

SigmaO_VH

Sigma0_WVV

 Radar->SAR Applications -> Ocean
Applications -> Qil Spill Detection SO

« Set the Background Window
Dimension and the Threshold shift Background Window Dimension (k) 1.0

Threshold Shift (dB): 2.0

« Forthe Threshold we can use the

values from the line we just drew. e | © vep > o
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Detect Your Own Qil Spill

Sigma0 VV Sigma0_VV_oil_spill_bit_msk

=
£ Metadata
(1 Vector Data
(L1 Tie-Point Grids
‘3 Bands
E sigma0 vV
E Sigma0_VV_oil_spill_bit_msk
1 Masks

NASA's Applied Remote Sensing Training Program



Detect Your Own Qil Spill

« Once you have the mask you can now:
— Start calculating statistics from the oil spilll
— Derive the damping ratio by yourselves
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Questions?

Please enter your questions in
the Q&A box. We will answer
them in the order they were
received.

- We will post the Q&A to the
training website following the
conclusion of this session.
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https://earthobservatory.nasa.gov/images/6034/pothole-lakes-in-siberia
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Contacts

Trainer:

— Malin Johansson: malin.johansson@uit.no

Training Webpage:

— hittps://appliedsciences.nasa.gov/|join-
mission/training/english/arset-disaster-assessment-using-
synthetic-aperture-radar

ARSET Website:
— hitps://appliedsciences.nasa.gov/arset

Twitter: @ NASAARSET
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Thank You!
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